T he benefits of exercise for people with Parkinson disease (PD) are well documented. 1, 2 People with PD who participate in exercise programs have reported better quality of life and demonstrated better walking ability, balance, strength, flexibility, and cardiovascular fitness compared with those who did not exercise. 3 Exercisebased interventions that specifically target disability have increasingly been recognized as an important component of a multidisciplinary approach to long-term management of PD. 4 -6 Less is known about factors that lead to routine exercise among people with PD. Indeed, few factors associated with exercise behavior in people with PD (eg, social support, desire to control disease progression) 7 have been identified. Consequently, physical therapists have limited knowledge of intervention strategies that might be used to help their patients with PD sustain the benefits of a prescribed program of exercise following an episode of care. Complicating the picture is the fact that people with PD, unlike individuals with other types of disabilities or older adults in general, continue to deteriorate in function over the course of the disease. 8, 9 The International Classification of Functioning, Disability and Health (ICF) model 10 provides a useful framework for organizing factors associated with exercise behavior (Figure) . The model portrays human functioning and disability in 3 domains (ie, body functions and structures, activity, and participation) as the product of a dynamic interaction of health conditions, personal factors, and environmental factors. 11 When viewed broadly in the participation domain, exercise behavior can be understood as a life situation in which an individual seeks to preserve, promote, or improve his or her personal health through structured physical activity. Likewise, using the ICF framework as a guide, previously reported determinants of physical activity among individuals with disabilities and older adults who were healthy can be categorized as impairments of body functions and structures (eg, weakness, pain), environmental factors (eg, transportation, cost, accessibility, social support), and personal factors (eg, motivation, exercise knowledge, self-efficacy). [12] [13] [14] [15] [16] [17] [18] [19] Self-efficacy, in the context of exercise behavior, is defined specifically as a person's belief in his or her capabilities to overcome personal, social, and environmental barriers to exercising. 20 The purpose of this study was to examine factors that may be associated with exercise behavior in a relatively large cohort of ambulatory people with PD. The study was part of a 2-year multicenter investigation designed to examine the development of disability in these individuals. 21 Using the ICF model as a guiding framework, we were interested specifically in comparing the relative contributions of factors, categorized according to body function and structure, activity, participation, and contextual domains, with whether participants engaged in regular exercise. Our goal was to identify potentially modifiable factors, thereby helping to guide clinicians in the development of sustainable interventions for the growing population of people with PD. Based on the progressive nature of this disease as well as our understanding of the impairments, activity limitations, and participation restrictions common among people with PD, we hypothesized that exercise behavior among study participants would be associated with disability level and, to a lesser extent, with personal and environmental factors.
Method Study Design and Sample
We conducted a cross-sectional analysis of baseline data collected from 260 people with PD who were participating in a parent longitudinal investigation. Participants were recruited from movement disorders clinics and local support groups at Boston University, the University of Utah, Washington University in St Louis, Missouri, and the University of Alabama at Birmingham. Inclusion criteria were: a diagnosis of idiopathic PD according to the UK Brain Bank Criteria, 22 classification at modified Hoehn and Yahr (H&Y) stages 1 through 4, 23 age Ն40 years, living in the community (not institutionalized), able to attend assessment sessions, and provide consent. Participants were excluded if they had a diagnosis of atypical parkinsonism, were classified at H&Y stage 5, or had previous surgical management of their PD. The institutional review board at each institution approved the study protocol. All participants provided informed consent. Participants were examined in an outpatient clinic between July 2009 and July 2010 over a 2 1 ⁄ 2-hour period and were tested while on medication. All testers were provided with a standard operating procedures manual and an instructional video that described the protocol for administering and scoring each test on 2 patients with PD. Each evaluator rated both patients on 2 occasions separated by 35 Scores can range from 0 to 132; higher scores designate relatively greater impairment related to bradykinesia, tremor, rigidity, freezing, and postural control. For our analysis, we dichotomized the sample into "lowseverity" (ie, score Ͻ40) and "highseverity" (ie, score Ն40) groups. This cutpoint was chosen because scores over 40 typically are associated with higher disease severity. 36 Participants classified in H&Y stage 4 had UPDRS motor scores that exceeded 40. Sixty-eight percent of our sample had scores below 40, indicating lower disease severity, whereas 32% had scores of 40 or higher, indicating higher disease severity.
Comorbidities. Participants were asked whether they had the following conditions (yes/no): cardiac disease, peripheral vascular disease, cerebrovascular disease, pulmonary disease, cancer, diabetes, nephropathy, neuropathy, diseases affecting vision, arthritis, or Alzheimer disease or other forms of dementia. The number of endorsed comorbidities was summed for use in subsequent analyses. The sum did not include a diagnosis of PD.
Geriatric Depression Scale. Participants were screened for depressive symptoms using the Geriatric Depression Scale (GDS). 32,37,38 The GDS is a self-report instrument in which participants respond "yes" or "no" to 30 questions, for a possible score of 0 to 30. Scores ranging from 0 to 9 generally are considered normal, scores from 10 to 19 suggest mild depression, and scores from 20 to 30 suggest severe depression. We treated GDS score as a continuous variable. Fall history. Participants were asked the number of times they had fallen within the previous 6 months. A fall was defined as an unexpected event where the person inadvertently came to rest on the ground. 41 Participants were classified as "fallers" if they reported falling one or more times within the 6-month period or as "nonfallers" if they reported no falls during this period. Fall status was treated as a dichotomous variable.
Activity

Participation
The Parkinson's Disease Questionnaire-39 (PDQ-39) is a selfadministered instrument made up of 8 domains. 34, 42 We used the mobility domain to capture participation in life situations related
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to physical mobility. This subscale contains 10 items related to the frequency of mobility problems or difficulty encountered while engaging in chores and leisure activities around the household and in the community. Each item is rated using a 5-point Likert scale containing response categories ranging from "never" to "always." Total scores are scaled from 0 to 100; higher scores reflect more frequent mobility problems and, therefore, a lower health-related quality of life. 43 Adequate internal consistency, testretest reliability, and responsiveness of the mobility domain score have been demonstrated. 44, 45 We treated the PDQ-39 mobility score as a continuous variable.
Personal and Environmental Factors
Demographic data were collected by self-report and included age (in years), sex, ethnicity (white or nonwhite), educational level (college graduate or higher versus less than a bachelor's degree), employment status (working full-time or part-time versus not working), household income (6 categories listed in increments of $10,000 and ranging from $0 -10,000 to $70,000 and over), and social support (living alone or not living alone).
We used the Self-Efficacy for Exercise (SEE) scale to capture participants' confidence in their ability to continue exercising in the face of barriers to exercise. The SEE consists of 9 items describing potential barriers to participation in exercise (eg, "too busy with other activities," "did not enjoy exercise," "felt pain with exercise," "bored by the exercise"). For each item, participants circled a number from 0 ("not confident") to 10 ("very confident") that best described their belief that they could exercise 3 times a week for 20 minutes. Reliability, validity, and internal consistency (0.92) have been established for the SEE. 46 We dichotomized the sample into participants with "high self-efficacy" (total score Ն5) or those with "low self-efficacy" (total score Ͻ5). Sixty-six percent of the sample had high self-efficacy, and 34 percent had low self-efficacy. sample reported high exercise selfefficacy (65.5%).
Statistical Analysis
Validation of Exercise Status
A total of 164 participants (63%) were classified as exercisers using the Stages of Readiness to Exercise Questionnaire. Exercise behavior determined by the questionnaire was validated using PASE and SAM data. Total PASE scores were significantly higher (Pϭ.02) among exercisers (mean scoreϭ142.6, SDϭ79.4) than among nonexercisers (mean scoreϭ 118.9, SDϭ85.7). An item analysis revealed that exercisers reported significantly greater frequency and amount of time spent in strenuous sports and in strength and endurance exercises than nonexercisers (PϽ.001). The SAM data from a subset of 100 participants revealed that exercisers (nϭ73) accumulated significantly more (Pϭ.02) steps per day on average (meanϭ9,202, SDϭ 4,096) than nonexercisers (nϭ27) (meanϭ7,360, SDϭ3,114).
Comparison of Exercisers and Nonexercisers
Exercisers had significantly lower UPDRS motor scores than nonexercisers, indicating a lower severity of motor impairments (Tab. 1). Exercisers were significantly less depressed, had significantly fewer restrictions in participation, had higher self-efficacy, and were more highly educated compared with nonexercisers. However, the 2 groups did not differ significantly on number of comorbidities, distance walked, number of falls, or other personal or environmental characteristics.
Factors Associated With Exercise Behavior
Factors from the body structure and function, participation, and personal factor domains were significantly associated with engaging in regular exercise (Tab. 2). These factors included lower UPDRS score (ie, less severe motor impairment), lower GDS score (ie, fewer depressive symptoms), lower PDQ-39 mobility score (ie, fewer participation restrictions), higher SEE score (ie, higher self-efficacy), and higher education and income levels. No factors in the activity or environmental domains were associated with exercise behavior.
In the baseline multivariate logistic regression that contained all independent variables, only self-efficacy, education, and age were significantly associated with exercise behavior 
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(PՅ.05). Following backward elimination procedures, the final model confirmed the results of the initial baseline model, while adjusting for disease severity (Tab. 2). Respondents with high self-efficacy were more than twice as likely to engage in exercise as those with low selfefficacy (adjusted ORϭ2.34, 95% CIϭ1.30 -4.23). Respondents who were college educated and older also were more likely to exercise. Although lower disease severity (UPDRS motor score) was significantly associated with exercise in univariate analyses, as shown in Table 2 , it did not contribute significantly to exercise behavior when adjusted for other significant covariables. We obtained similar results when these analyses were repeated using continuous measures for selfefficacy (adjusted ORϭ1.31, 95% CIϭ1.15-1.49) and the UPDRS motor score (adjusted ORϭ0.99, 95% CIϭ0.97-1.01). The shared variance between disease severity and self-efficacy likely explains why the effect of disease severity on exercise was diminished in the multivariate analysis. To further investigate whether disease severity level influenced the relationship between selfefficacy and exercise behavior, we performed stratified analyses by UPDRS motor score. The resulting ORs associated with self-efficacy were 2.48 (Pϭ.046) in the high disease severity group and 2.42 (Pϭ.014) in the low disease severity group, confirming that level of disease severity did not modify the association between self-efficacy and exercise.
Discussion
Using the ICF framework as a guide, this cross-sectional study revealed that personal factors rather than impairments, activity limitations, and participation restrictions were most strongly associated with regular exercise among ambulatory people with PD. Specifically, participants with higher exercise self-efficacy were more likely to engage in exercise compared with those with low exercise self-efficacy, regardless of disease severity. In addition, higher education level and older age were associated with being more likely to exercise, although the age difference between exercisers and nonexercisers was not statistically significant.
Based on previous studies, 19,48,49 we had hypothesized that self-efficacy would influence exercise behavior; however, it played a stronger role than we had expected. Because the disablement for PD is a progressive, complex experience dominated by motor symptoms, we proposed that exercise would be influenced by disease severity as well as self-efficacy. Indeed, participants in our sample had moderate impairment, reflected by relatively high UPDRS scores, bilateral limb involvement, comorbidities, and a history of recent falling. Despite these widespread limitations, disease severity was not the primary factor influencing participation. Rather, self-efficacy, or beliefs about capabilities to exercise, most influenced participation in exercise. These results are consistent with studies in adults who were healthy and other populations with disabilities. 19, 48, 49 Moreover, our findings are particularly important in a population with a progressive, degenerative neurological disease in which the multisystem impairments can interfere substantially with a patient's ability to participate in exercise.
Self-efficacy generally is defined as people's beliefs about their capabilities to produce designated levels of performance, which determine how they feel, think, motivate themselves, and behave. 50 In the context of exercise behavior, self-efficacy typically is defined more specifically as a person's belief in capabilities to overcome personal, social, and environmental barriers to exercising. 20 Self-efficacy is one of the most frequently reported personal factors among all studies explicitly using the ICF framework. 51 It influences the success of interventions and is frequently targeted in interventions with a person-centered approach to managing health conditions. 51 Among other cognitive-behavioral factors, self-efficacy appears as an independent factor in a theoretical model of physical activity behavior that has been proposed to guide health promotion interventions for people with disabilities. 52 Although self-efficacy has been recognized as an important determinant of exercise behavior, the extent to which it represents a modifiable target of intervention is unclear. Several recent reviews, for example, indicated that only limited evidence exists in support of interventions designed to improve various aspects of exercise adherence in individuals with musculoskeletal problems. [53] [54] [55] Cognitive-behavioral training (CBT), although promoted as a potentially useful method for helping patients overcome personal barriers to exercise, has met with limited effectiveness. [55] [56] [57] According to Rauch et al, " there is no evidence in how physiotherapists manage lack of confidence." 58(p249) In contrast, several studies suggest that self-management approaches targeting self-efficacy show promise for improving exercise adherence. In a self-management approach, specific strategies to increase selfefficacy are incorporated into the overall management of a patient's condition. These strategies may include weekly action planning and feedback, modeling of behaviors, problem solving by participants, and guided decision making. 20 Patients are guided by health care professionals in making choices and achieving success in reaching self-selected goals. 59 Among older adults with a variety of chronic illnesses (eg, stroke, arthritis, heart disease), a group education program targeting the development of self-management skills, including maintaining adequate exercise, resulted in more weekly minutes of exercise as well as significantly improved health behaviors, health status, and quality of life and reduced health service utilization compared with a control condition. 59 Self-management programs also are effective in patients with PD. 60 A 6-week rehabilitation program based on a self-management approach revealed significant improvements in quality of life that were sustained for 6 months. Participants were guided in a problem-solving approach that focused on developing strategies to improve daily function and participation in self-identified roles in society. They were instructed in exercises that were linked to functional goals, thereby establishing relevance of each exercise. Participants identified strategies to overcome barriers to exercise, sustain the exercise program over the long term, resume exercise if lapses occurred, and alter the exercises with changes in health status.
We contend that the physical therapist, although well suited to promote long-term participation in exercise and physical activity, requires a specialized skill set to help patients recognize and overcome personal and environmental exercise barriers. 61, 62 Too often, neither personal nor environmental factors are adequately addressed in physical therapy intervention programs. 63 Physical therapy sessions generally focus on the essential task of instructing patients in exercises with an emphasis on technique and dosing. Our results suggest the added importance of addressing selfefficacy for regularly engaging in and sustaining exercise behavior. Selfmanagement approaches to exercise adherence show promise, not only as a means of improving exercise selfefficacy but also as a hallmark of person-centered care for individuals with chronic health conditions or disability. 62 Our study had several limitations. First, participants may have overestimated their level of regular exercise. If participants with higher selfefficacy were more likely than those with low self-efficacy to overestimate their amount of regular exercise, our results regarding selfefficacy and exercise would have been exaggerated. However, the study participants were unaware of the study hypothesis, and it is more likely that overestimation of regular exercise was not associated with self-efficacy. Thus, our findings probably underestimate the true association between self-efficacy and exercise. Second, although 78% of exercisers reported exercising regularly for 6 months or more, we did not control for the possibility that factors associated with exercise may have been influenced by length of time engaged in regular exercise. Third, we did not identify whether participants were prescribed an exercise program, engaged independently in a self-directed program, or participated as part of a group-all of which may have influenced exercise behavior.
The cross-sectional nature of the study also limits our ability to make causal inferences. For example, although participants with greater levels of self-efficacy may have been more likely to engage in exercise, it also is possible that engagement in exercise preceded the higher levels of self-efficacy. Longitudinal studies are necessary to address this issue.
Other potential limitations included our decision to dichotomize both the UPDRS motor scores and selfefficacy scores. Because the choice of cutoff scores could influence the results, we conducted additional analyses using continuous measures for both these variables and obtained similar results. Furthermore, generalizability may be limited to mainly white, highly educated people with high socioeconomic status. In addition, 63% of our participants were categorized as exercisers, potentially reflecting a highly motivated sample.
This study also had several strengths. To our knowledge, it is the first study to examine the relative contributions of a broad array of factors that may influence exercise behavior in a relatively large sample of patients with PD. Both self-report (ie, PASE) and physical performance (ie, SAM) data provided validity for the selfreported exercise data. Our results were further confirmed by multiple analyses that were conducted using both continuous and dichotomized variables, as well as analyses stratified by UPDRS score. The ICF provided a useful framework for organizing a diverse list of potential determinants into distinct domains and examining their individual and collective influences on exercise behavior. Finally, the study was conducted across 4 institutions, potentially increasing the generalizability of our findings from a geographical perspective.
Conclusion
Self-efficacy, education level, and, to a lesser extent, age appeared more strongly associated with exercise behavior in ambulatory, communitydwelling people with PD than disease severity, other disabling influences of activity limitations, or participation restrictions. The results highlight the importance of selfefficacy as a potential target for intervention by physical therapists for individuals with PD. Identifying successful methods of sustaining exercise is particularly important given the growing numbers of peo-
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ple living with PD, the long life span realized after diagnosis, and the growing body of literature revealing the benefits of exercise in reducing disability. 
